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Outline of This Talk

u  Why Submillimeter Spectroscopy

u Importance of High Spectral Resolution
u Carrying out Submillimeter Observations
u  Some Astronomical Results

u Current and Future Technology

u Current and Future Facilities



Dust In the interstellar
medium (ISM)

Absorbs light from stars at
visible & near -IR
wavelengths

Dust grains have size ~0.1 ‘m

Critical for structure of ISM:
H, molecules formed on
grain surfaces

Dust blocks UV and allows
rich array of molecules to
exist in interstellar clouds
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Interstellar Dust

A Absorbs and scatters short -wavelength (visible) radiation 5

A Absorbs at longer wavelengths, but must emit as well

A Observations of dust thermal emission over wide wavelength range can
determine the dust temperature

A Dust emission &temperature are fundamental for understanding energetics

Dust observations tell us nothing about KINEMATICS 6 measuring the MOTIONS
(via Doppler shifts of lines) tells us what is going on 0 spectroscopy required!
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Why Submillimeter Spectroscopy 7?7

Submm spectral lines provide vital insight into the chemistry and physics
of the interstellar medium (ISM) and how clouds of dust and gas in the
ISM evolve to form new stars.

These processes control the evolution of galaxies and formation of
planetary systems.

Unique probes

1. fine structure lines: atomic carbon [CI] at 492 and 810 GHz
lonized carbon [CII] at 1900 GHz
lonized nitrogen [NII] at 1461 and 2460 GHz
atomic oxygen [Ol] at 2060 and 4745 GHz

2. Higher rotational lines of key tracers including CO allowing study of interstellar

shocks, outflows from young stars, and  protostellar disks
3. Key biogenic molecule 6 WATER (HO) and others (HF, ArH, O,,é )

High spectral resolution allows measuring motions within these clouds,
cores, and disks, and thus to understand what they are doing



High Spectral Resolution Essential for Correct Interpretation
of Observations of the Complex Interstellar Medium

PACSv49N (corr) [cr] F,/F.= [0.85-3.0]
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Gerin et al. 2015
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Line/Continuum ratio drops dramatically as continuum gets stronger giving a

completely erroneous result IF YOU ARE NOT SPECTRALLY RESOLVING THE LINE
1



Protoplanetary Disks Require High Spectral
Resolution to Extract Meaningful Results

557 GHz 1,,i 1,, water line fromKeplerian disk with 459 angle

Li ne shape determines rotation Ve
distribution of gaseous water

Spectral resolution of 10 ° (3 km/s) with Fabry -Perot
o Interferometer looses all interesting information except
deteC'uon Of Water Original Smoothed to Resolving Power of 100000 (Lorentzian) Model_0.3_inci5.txt

CO in disk around HL Tau
ALMA collaboration 2015
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The Atmosphere is a Major Challenge
S G T for Submillimeter Astronomy

Water vapor (primarily) makes atmospheric
transmission ~ 0 from sea level

From very high, dry sites:s
that offer partial transmission
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At aircraft altitude (14 km) the situation is much
better, but there are still blocked spectral
regions

1000
Frequency (GHz)

A balloon (40 km) is good except for
frequencies near telluric lines

Complete access is possible only from space



To Obtain the Submillimeter High Resolution Astronomical
Spectral Line Data You Want 8 (1) Get Above the Water in 10
t he Earthos At mosphere

Stratospheric Observatory for Infrared Astronomy

(SOIES STOZ2 Balloon 6 22 day flight Dec. 2016
NASA/DLR :

2.5m telescope at ambient temperature @14 km UL "fllt'tUde :

aititude HEB mixers cooled with LHe

Multiple instruments Good performance at 1900 GHz



